There are few studies dealing with the pathophysiology in the central mechanism of water and electrolytes control. The osmoreceptors have been concerned in the region of the supraoptic and paraventricular nuclei (SON, PVN) which are also the area where ADH is formed. Investigations were made on the role of osmoreceptors in ADH-releasing disorder and in experimentally induced diabetes insipidus in the cat and on the involve ment of the lateral hypothalamus in these disorders as well as in hypernatremia resulting from disorders of osmoreceptors and the drinking or thirst centers. Daily intake and output, pre and postoperative electrolytes and osmolarity in the serum and urine, plasma ADH and aldosterone were measured in three groups (normal, diabetes insipidus and hypernatremia cats).
Introduction
In contrast to the extensive clinical literature concerning postoperative disturbances of water and the serum electrolytes in patients with hypothalamo-pituitary tumor, 8 39) there are only a few studies dealing with the pathophysiology in the central mechanism of water and electrolytes control. . 31,31.38) Recently, it has been reported that there are many areas controlling the output of antidiuretic hormone (ADH).4.5.1 s, 34) Osmoreceptors have been con cerned in the region of the supraoptic and para ventricular nuclei (SON, PVN) which are also the areas where ADH is formed since Verney's concept of the "Osmoreceptor." 34) Changes in neural activities of the supraoptic nucleus in duced by hypertonic infusion, stimulation of peripheral or central nervous structures, and pharmacological agents have been reported.4• 5.15.16.18.35) Teramoto32) reported the effects of unilateral lesions of the SON on residual SON fuction for the pathophysiology of traumatic diabetes insipidus. Welt37 postulated a syn drome of essential hypernatremia, characterized by a new setting of cerebral osmoreceptors at a higher serum sodium or osmolarity level. Dorn and Rothballer') produced experimentally es sential hypernatremia by injuring presumed os mosensitive elements.
The present study was designed experimen tally to test the origin of diabetes insipidus and hypernatremia unassociated with body fluid contraction or clinical signs of dehydration. Since what comes into question in the field of neurosurgery is the disorder of osmoreceptors, disorders of ADH secretion were investigated from a viewpoint of osmolarity. Investigations were made on the role of osmoreceptors in ADH-releasing disorders and in experimentally induced diabetes insipidus in the cat, and on the involvement of the lateral hypothalamus (regarded as the feeding and drinking cen ters)' -' 2.24) in these disorders as well as in hy pernatremia resulting from disorders of osmo receptors and the drinking or thirst centers. 2.11 
Materials and Methods
Fifty-four healthy adult male cats weighing between 2.5 and 3.5 kg were used. Experiments were divided in three groups: 1) Normal cats, 2) Diabetes insipidus cats (unilateral lesion of the supraoptic nucleus) and 3) Hy pernatremia cats (unilateral lesion of the sup raoptic nucleus and contralateral lesion of the lateral hypothalamus). In all three groups daily intake and output, pre and postoperative elec trolytes and osmolarity in serum and urine, and plasma ADH and aldosterone were measured.
The transoral approach for recording was performed in Flaxedil immobilized or urethane anesthetized cats (Fig. 1) .The 3M KC1-filled mi cropipettes or tungusten electrodes were in troduced through the optic tracts after suitable exposure. The region of the supraoptic nucleus was reached after the disappearance of optic tract potential induced by photic stimulation. Osmosensitivities of the cells were ascertained by instillation of 2.0 ml of I mol or 9.0°o saline into the ipsilateral carotid artery catheterized through the lingual artery and antidromic stimulation of the pituitary stalk. Unit dis charges were monitored and photographed on an oscilloscope, and a permanent record was kept on a tape recorder to count unit activity.
Depth electrodes consisting of well-insulated, except at the tip, nichrome wire for stimulation were inserted stereotactically into the lateral hypothalamus or the desired nuclei. The stimu latory potentials varied from 2-10 volts for the duration of 0.1 to 0.5 msec. Electrodes for coagulation purposes consisted of well-insulated nichrome wire with about 1 mm of their tips exposed. Currents used varied between 20 and 50 mamp for the duration of 30-120 sec. de pending upon the site of the lesion desired. The extent of destruction and the position of record ing or stimulatory depth electrodes were care fully checked in all animals by histological study of serial sections. Local anesthesia was used around the wound margins after the initial oper ative procedure employing short acting sodium pentobarbiturate.
Results

Unit activities of' the supraoptic nucleus in normal cats
Extracellular recording of neurone activities of the supraoptic nucleus (SON), which is beli eved to function as osmoreceptors, in normal cats showed that many of the cells in the nucleus discharge at a frequency of 4-6 times per second, the discharge rate being nearly constant. In jection of 1.5 ml of 9 °o NaCl into the carotid artery caused the spontaneous discharge rate of the cells of the SON to increase for I to 2 minutes (Fig. 2) . The lower portion of Figure 2 represents the firing frequency of these unit discharges, indicating clearly increased unit ac tivities during and after injection of hypertonic saline into the carotid artery.
These findings confirm the presence, location and general type of responses reported for hy pothalamic units by Cross and Green,') Brooks and associates,' Joynt's1 and others. [9] [10] 14) However, as is obvious from Table 1 , an analysis of 60 units recorded from the SON of the anterior hypothalamus of normal cats showed that following injection of 1 mol NaCI into the carotid artery the unit discharge rate increased in 68.3 ;o of the instances, decreased in 8.3 %, and remained unaltered in 23.3 %. These figures are consistent with those reported pre viously by various authors. In subsequent studies the effect of stimulation of other cerebral structures (e.g. frontal lobe, limbic system, reticular formation, cerebellum and vagus) on the unit discharge of the SON was investigated. Of these observations, those on the effect of stimulation of the ipsilateral hy pothalamus, wherein the drinking center is thought to reside, on the electrical activity of the SON are presented in this communication (Fig.  3 ). In this particular experiment, the lateral hy pothalamus was stimulated electrically at 100 Hz and 0.3 volts using chronically im planted electrodes. The unit discharge of the SON was inhibited while the lateral hy pothalamus was being stimulated. Subsequently, it showed an increase for usually 30 seconds after termination of stimulation. With stimulation at 50 Hz, on the other hand, inhibition of the electrical activity during stimulation was evident but the after-effect was not so marked as with stimulation at 100 Hz. These responses to stimu lation of the lateral hypothalamus were particu larly pronounced when the stimulation was ipsi lateral to the SON from which unit recording was made. All these observations are interpreted as indicating that some interaction exists be tween the lateral hypothalamus in which there is the drinking center and the SON which is con sidered to be the locus of osmoreceptors.
Unilateral lesion of the supraoptic nucleus Traumatic diabetes insipidus a. Complete unilateral lesion
The SON of the anterior hypothalamus of cats was completely destroyed stereotactically on one side. An example of such cases is shown in Fig. 4 , together with the time course of daily water intake and output as well as electrolytes and osmolarity of the serum and urine before and after the surgical operation.
Following destruction of the SON, water in take and output decreased until the 7th day, reached a level approximately treble as high as normal values on the 12th to 14th day, decreased again on the 14th to 15th day and returned to the preoperative level in a matter of 20 to 30 days. In this particular case, little change oc cured in electrolytes and osmolarity of the serum and urine following destruction of the SON.
b. Incomplete unilateral lesion Fig. 5 shows a case of unilateral destruction of the SON, in which case a coagulating electrode failed to reach the SON and hence produced an incomplete lesion. However, as can be seen from histological pictures in Figs. 6 and 7, there was a decrease in population of cells in the SON (Fig.  7) , as compared with the healthy side (Fig. 6) , and also the evidence of chromatolysis, a finding indicating that the lesion was due to compre ssion and edema .6) The water intake and output in this case, similarly as those in the foregoing case of the complete lesion of the SON, reached a peak between the 7th and 20th day after causing damage to the SON, still showed an upward tendency on the 30th day and was restored to almost normal by the 40th day. Here again, electrolytes in and the osmolarity of the serum and urine remained almost unchanged before and after the surgical procedure (Fig. 5) . Thus, incomplete unilateral lesions of the SON resulted in polyuria and polydipsia but with no abnormalities in electrolytes in body fluids. (Fig . 7) , as compared with the healthy side (Fig. 6) . SON: the supraoptic nucleus, OT: the optic tract Next, an investigation was also made of neu rone activities of the SON contralateral to the SON lesion. The results are shown in Fig. 8 . Neurone activities were noted to increase during and after injection of 2 ml of 1 mol NaCl into the carotid artery. In the diagram below, on the left is shown a coronal section of the brain as reproduced from F. 13.5 of the Jasper and Ajmon-Marsan's Atlas of cat where the SONs are indicated as black areas. Firing frequency of these unit discharges constructed at 1 sec. in tervals are shown in Fig. 9 . The upper diagram shows changes in unit activities in response to injection of hypertonic saline, demonstrating a prolongation of response latency and a gradual increase in magnitude and prolongation of re sponse in comparison with normal SON activi ties. The middle diagram represents responses to stimulation of the contralateral lateral hy pothalamus, indicating that no marked augmen tation of unit activities occured subsequently to their inhibition during stimulation. In the lower diagram illustrated are unit activity responses to the injection of hypertonic saline followed in 5 or 15 seconds by stimulation of the lateral hy pothalamus. As can be seen, augmentation of response was not so distinct as in the normal group. On the right column of Table 1 , responses of 40 units in the contralateral SON to injection of hypertonic saline following lesion making in the unilateral SON. Of these units, 65.0 % showed an increase in response, 10.0 % showed a de crease and 25.0 % did not show any response throughout. It becomes readily obvious that these relative proportions of response patterns are nearly identical to those for the normal group indicated on the opposite column of the table.
From these observations it is apparent that in cats with traumatic diabetes insipidus the spon taneous discharge rate of neurones of the SON is lower and their responses to osmotic changes and neural stimulation are weaker than in nor mal cats. The osmolarity of and electrolytes in the serum and urine were also virtually within the normal range throughout the period of ob servation. These findings are quite similar to those obtained in human traumatic diabetes insipidus and, accordingly, one is justified in considering the SON-lesion cat prepared in this experiment as providing an experimental model of ample legitimacy for diabetes insipidus." 3)
3. Unilateral lesion of the SON and lateral hypothalamus-Hypernatremia Fig. 10 shows a case in which the SON on one side and the lateral hypothalamus on the op posite side were damaged with exploring elec trodes. In Fig. 11 illustrated is the location of the lesion in the ateral hypothalamus. In this case, polyuria and polydipsia persisted for 3 to 4 days following the artificial production of lesions; subsequently the water intake and output in creased gradually for a period from the 4th to 13th day, then showed a steeply upward ten dency forming a peak during a succeeding pe riod from the 14th to 24th day, the increase lasting until around the 40th day. On the 7th day after the surgical procedure, the serum Na was 180 mEq/L (Hypernatremia) and the plasma os molarity was also elevated to 367 m Osm/kg • H20. At that time the plasma ADH level was estimated by radioimmunoassay to be 1.3 pg/ml, a value which corresponds to the lower limit of the normal range of ADH for this animal species. The plasma aldosterone re mained substantially the same as before oper ation. On the 29th postoperative day the water intake and output were found slightly increased but the serum electrolytes, the osmolarity of plasma and plasma ADH and aldosterone were all within the normal range. The clinical pattern observed on around the 7th postoperative day may be considered as implying that there was acute hypernatremia accompanied by a mild form of diabetes in sipidus. A clinical condition which is reflected in such a pattern has thus been shown to be marked not only by hypernatremia (which has been considered to result simply from dehy dration) but also, at least in some instances , by concurrent polyuria and may hence be described as acute hypernatremia with diabetes insipidus .
Discussion
Available evidence indicates that ADH is syn thesized mainly in the SON of the anterior hypothalamus and is transported being attached to a large carrier protein (Neurophysin), along the neurohypophysial pathway to be stored in the posterior lobe of the pituitary.") The secre tion of ADH is also recognized to be controlled and regulated by plasma osmolarity,s.1 5,34) ex tracellular fluid volume",") and higher cen tersOsmoreceptors are sensitive enough to perceive as slight a rise in plasma osmolarity as 2 % and, in response to this stimulation, initiate release of ADH, from which the follow ing sequence of phenomena ensues: promotion of renal reabsorption of water-*increase in ex tracellular fluid volume-*lowering of plasma osmolarity-*inhibition of ADH secretion. In Addition, the volume receptors in the left atrium are stimulated by changes in circulatory blood volume and convey the stimulus to the hy pothalamus. The baroreceptors in the carotid body and arcus aorta also have influence upon the secretion of ADH.
Since, however, what comes into question in the field of neurosurgery is the disorder of osmo receptors per se, derangements of ADH secretion were investigated from a viewpoint of osmo larity in the present study. Investigations were also made on the role of osmoreceptors in ADH releasing disorder and in experimentally induced diabetes insipidus in the cat, and on the involve ment of the lateral hypothalamus (regarded as the locus of the feeding and drinking centers) in these disorders as well as in hypernatremia re sulting from disorders of osmoreceptors and the drinking center.
Osmoreceptors conceived by Verney34) were probably the mixture of osmosensitive cells and neuroendocrine cells.") Our study of 60 units of the SON of normal cats (Table 1) showed that 23.3 % of the units studied were unresponsive to injection of hypertonic saline. This type of cells corresponds to what was termed neurosecretory cells by Vincent and Hayward35) and is more likely to form synaptic connections with such neural structures as the frontal lobe, limbic sys tem, reticular formation and vagus than with osmosensitive cells. Diminished responses were exhibited by 8.3 % of the cells, but it is not certain whether there are a group of cells, among osmosensitive cells, which are dissimilar to the rest of cells in physiological activity. Although omitted in this presentation, our experiment has demonstrated attenuated SON neurone activity in response to the administration of pitressin, suggesting the existence of a feedback mech anism that operates between plasma ADH and ADH secretion. Experimental evidence for in teraction between the SONs was also ob tained .32) It is inferable therefore that the SON which is thought to be osmoreceptors has many other functions, e.g. functional relationships with other neural structures and the con tralateral SON and feedback mechanism con cerning ADH, in addition to its responsiveness to osmotic changes.
By the way, diabetes insipidus may be classified into primary diabetes insipidus of un known etiology and secondary diabetes in sipidus due, for example, to trauma and brain tumor.26) It is well known that diabetes insipidus due to head injury is usually transient in dur ation and subsides in days or weeks. According to Shucart and Jackson ,29) diabetes insipidus following head injury or surgery in the hypo thalamopituitary area can be divided into four types, i.e. transient, triphasic, permanent and intermediate. Diabetes insipidus is of rare occur rence in the cat as reported previously by Green and Farrow13) and the legitimacy of comparing our cat preparation to human diabetes insipidus is open to question. However, as can be seen from the case illustrated in Fig. 4 , unilateral complete lesion of the SON caused polyuria of transient type but without any appreciable changes in electrolytes and plasma osmolarity and the clinical course was similar to that of a corresponding condition in humans. Clinical ex perience tells that such a type of diabetes in sipidus is due more often to hypothalamic dys function than pituitary dysfunction. In the case of incomplete lesion, probably edema and/or compression, of the SON as illustrated in Fig. 5 , polyuria of transient type resulted and, in con trast with the foregoing case of complete lesion, a triphasic or polyphasic pattern was displayed. Actual clinical cases seem to be more frequently of such an incomplete SON lesion type. It is possible therefore to induce permanent diabetes insipidus by the experimental production of bi lateral SON lesions.
In experimentally induced diabetes insipidus of the cat, polyuria was accompanied by poly dipsia, water balance was virtually maintained and, accordingly, no changes were noted in serum electrolytes and plasma osmolarity. How ever, a study of unit discharges of the intact SON in a case of experimentally induced diabetes showed that the function of the injured SON was still diminished until the 30th day after pro duction of the lesion when water intake and output had already been restored to normal. Recording of electrical activities made about 2 months after surgical procedure in another case demonstrated increased unit discharges, i.e. aug mented responses to injection of hypertonic saline of lower concentrations. These findings suggest the existence of a compensatory func tion, in addition to interaction, between the SONs.
Mahoney and Goodman reported chronic hy pernatremia without polyuria or polydipsia, and proposed that hypernatremia appears to be due both to derangement of the thirst mechanism and to an elevation of the osmotic threshold for antidiuretic hormone secretion. They classified some of the derangement of thirst and ADH secretion that can cause abnormalities of water metabolism in man.20) The etiology of hyper natremia has been the subject of many reported studies . 7,17,19.28,37) There is also a report stating that hypernatremia is caused primarily by a disorder of the regulating center of Na ex cretion .23,25) Avioli,3) on the other hand, pro posed a concept of resetting of osmostat. Welt37) proposed the following criteria for essential hypernatremia : 1) the absence of overt dehydration, 2) the presence of ADH secre tion, and 3) responsiveness of the kidney to ADH. Many are of the opinion that a dim inution of thirst should be added to the above items. In this connection it is interesting to note that Stricker31) demonstrated experimentally the existence of the thirsty satiety center as distinct from the thirst center. As already stressed by Fischer et al" and Myers,24) the drinking center in the lateral hypothalamus plays an important role in the maintenance of water balance and importance has also to be attached to its re lationship with osmoreceptors. Dorn and Roth baller7) succeeded in the artificial induction of essential hypernatremia by injecting AgNo3 into the subarachnoid space at the optic chiasm of the cat. According to these authors, a distinct correlationship was noted to exist between the severity of lesion of the hypothalamus, parti cularly of the SON and its adjacent areas, and hypernatremia. They reported further that the urine concentrating power, urine volume, water intake and weight gain all did not differ significantly before and after surgery. These ob servations indicate that the concurrence of dia betes insipidus with hypernatremia is possible but does not presuppose insufficiency of ADH secretion.
In the case shown in Fig. 10 where lesions were caused both in the SON and the lateral hypothalamus, i.e. the drinking center, the surgi cal procedure resulted in slight hyposecretion of ADH and mild diabetes insipidus with con current development of hypernatremia. It is no wonder that Dorn and Rothballer') obtained similar experimental results as ours, if AgNo3 employed in their experiment had really exerted an influence upon the lateral hypothalamus.
Anderson et a12) and Olsson25) hold the view that osmoreceptors are located around the third ventricle and essentially serve as Na detector for the cerebrospinal fluid. It is likely then that there might be some additional etiologic factors for hypernatremia, besides a damage to the SON and thirst center (Mahoney et al), a disorder of the SON and its neighboring areas (Dorn and Rothballer) and an injury to the lateral hy pothalamus (the present authors).
